Abstract-A new approach to design a constant-high gain exponential observer for triangular multi-output nonlinear systems is proposed. This observer is designed to systems satisfying some regularity assumptions.
INTRODUCTION
In order to apply advanced concepts of control and diagnosis to practical applications, the knowledge of state variables is often required. This can be achieved by means of state observers.
This paper deals with the design of observers for a special class of multi-output nonlinear systems satisfying some regularity assumptions.
The general framework of this observer design is based on the works of [l-4] .
In [2] , the authors have designed an observer for single output control affine systems which are observable for every inputs (uniformly observable). It is shown in [5] (for a short proof see [a] ) that single output control affine systems which are observable for every inputs can be transformed locally almost everywhere into a canonical observable form. This canonical form is composed of a fixed linear dynamics component and a triangular controlled one. Using this canonical form, the authors in [2] have designed a high gain observer for such systems under Unlike the just cited works where the gains of the proposed observers were time-varying, the authors in [4] proposed a constant gain observer for general single output systems which are uniformly infinitesimally observable under some regularity assumptions on the vector fields.
The practical construction of the proposed observer is difficult to realize in the sense that the computation of the observer gain is not direct.
In the present paper, we use the general strategy of observer design adopted in [4] to construct a constant-high gain observer for multi-output nonlinear triangular systems under similar regularity assumptions.
Indeed, we first propose a new constant-gain observer for single output systems.
The main difference between this observer and that proposed by Gauthier and Kupka lies in the simplicity of the former. Indeed, a systematic procedure which allows the construction of the observer gain is presented.
The extension of the observer synthesis to the multi-output case is then treated and again a systematic procedure allowing the gain construction is given. Our work is organized as follows. Section 2 is devoted to observer design in the single-output case which will appear as a particular case of the multi-output one. However, we prefer to present it separately for a better understanding of our results. In Section 3, multi-output nonlinear systems are considered and corresponding observers are proposed. Proofs of theorems are given in this section.
OBSERVER DESIGN FOR SINGLE-OUTPUT NONLINEAR SYSTEMS
Consider the single-output nonlinear system of the following triangular form:
h-1 = fn-1(%X1, * *. ,2,), &I = fn(%Q,. . . ,%),
where the input u(t) E U a compact subset of lR m, the output y E R, and fk; k = 1,. . . ,n are functions of class C' (r 2 1) with respect to their arguments. The more condensed form of (1) 
In the sequel, we are going to design a high gain observer for system (2) . As in [l-4] , the design of such an observer requires some additional assumptions. Indeed, we shall assume the following.
(Al) The functions fk; k = 1,. . . , n are global Lipschitz w.r.t. Z:
3p>o; V(X,U) E R" x u, 11% (U,X)~~ I P.
(A2) There exist two constants 0 < d < 6 < +oo, s.t. V(x,u) E R" x U, we have
k=l,...,n-1.
In the sequel, we will use the following notations:
where, the a,'s; i = 1, . . . , k -1 are defined as in (3) and satisfy (4).
.
where all the terms are constant and are such that .sii > 0 and sj < 0; (i = 1,. . . , k; j = 1 I..., k -1).
Before stating our main theorem, we need the following lemma.
LEMMA. There exists S, an n x n symmetric positive definite (S.P.D.) constant matrix of the form (6); 3qn > 0 such that
where An(t) is given by equation (5) and I, is the n x n identity matrix.
PROOF OF LEMMA. we will proceed by induction.
For k = 2, a simple calculation gives:
Now, let ~11 > 0 and s1 < 0 be two arbitrary constants and let 5 = (2: ); x1, x2 E IR, we obtain: 
where ~~-1 > 0 is constant. Let us show (7) for n. Consider the following matrix:
where snn > 0 is a constant which will be specified later, and S,_i is given by the induction Proceeding as above, it is easy to see that for Is,-1) high enough, there exists vlL such that
Finally and similarly as above, we can choose snn > 0 such that S, remains S.P.D.
This ends the proof of the lemma.
Our candidate observer takes the following form:
$1
Here S fi S, is given by the lemma, C a C, = [l, 0, . . . , 0] , .:2 1= II E Rn, u and y are, p,, respectively, the input and the output of system (2), AQ = diag(l,B, Q2,. , On-') for some 0 > 0.
We then state the following. Instead of giving the proof of Theorem 1, we shall give it in the multi-output case which includes systems described by (2).
EXTENSION TO MULTI-OUTPUT CASE
Consider the multi-output nonlinear system of the following form: with Ip the p x p identity matrix.
A more condensed form of (11) 
In the sequel, we are going to design a high gain observer for system (13). As in Section 1, the design of such an observer requires some additional assumptions. Indeed, we shall assume the following. 
and for every trajectory of (13) 
where Ip is the p x p identity matrix. Moreover, Sk and pk only depend on 15, p and the Lipschitz constants of the fj.
PROOF OF LEMMA 1. Denote by P(t, z) the quadratic form
We obtain Clearly, the constructionof Sk only requires the knowledge of 6, 0, and /3.
This ends the proof of Lemma 1.
In the sequel, we will use the following notations: c,, 
where An(t) is defined in (20) and Ipn is the p x n identity matrix.
PROOF OF LEMMA 2. we will proceed by induction on the number of blocs, n.
Set &k(t) = d;(t)& + Sk&c(t) -C$kr
For n = 2, a simple calculation gives for k = 2,. . . , n.
" = -IP %I Al

A;Sll ~1 (A$ + S;A1) > '
Now, let S11 be an arbitrary constant S.P.D. matrix and let x = ; x1,x2 E RP, we obtain This ends the proof of Lemma 2.
Our candidate observer takes the following form: ":' E RF, u and y are, 2" respectively, the input and the output of system (13), Ae = diag(l,, al,, e21,, . . . , P-'Ip) for some 6 > 0. We then state our main theorem. According to the triangular structure of the f/'s (given in (11)) and to the above notations, we obtain (26)
Now, using the main value theorem and Assumption (A'2), we obtain f"(~,?) -fk(~,?) = &(t)ek+'(t) +&f"(~,?(t),~(t)); k=l,...,n-1,
where &(t) is given by (15) and its diagonal coefficients satisfy (16).
Combining (27) and (25) for some constant c which does not depend on 0.
Thus,
I-e-~ 
NOW., choose f3 > 2cJJSJj/7),. This ends the proof of our theorem. I
CONCLUSION
A simple observer for a special class of multi-output nonlinear systems has been derived. The main characteristics of the proposed observer lies in the fact that its gain is constant and does not necessitate the resolution of any dynamical system. Indeed, a simple and systematic procedure allowing the gain construction has been presented. A similar design can be made for a more general multi-output class of nonlinear systems. Current research is underway to address this problem.
